INTRODUCTION
According to a recent concept, the emergence of pandemic influenza virus strains is due to shift, i.e. appearance of strains with new genes acquired as a result of recombination, including the genes coding for surface glycoproteins (Webster & Laver, 1975) . It was suggested that animal influenza viruses might be one of the sources of such new genes (Laver & Webster, 1973 ; in particular, it was believed that at least one subtype of human influenza virus, A/Hong Kong (H3), might have emerged as a result of the transfer of the gene coding for the haemagglutinin of A/duck/Ukraine/I/63 virus to human influenza viruses (Laver & Webster, 1973) . Actually, recent comparative studies of antigenic and molecular properties of haemagglutinins of human influenza viruses of the A/Hong Kong group and A/duck/Ukraine/1/63 influenza virus revealed close resemblance between these haemagglutinins (see Ward, 1981) . However, certain differences were also detected, suggesting that the genes coding for the haemagglutinins of A/duck/Ukraine/I/63 influenza virus and of human influenza viruses of the A/Hong Kong group might have been derived from a common unknown ancestor (Air, 1981 ; Fang et al., 1981) .
There are data available to suggest that human influenza viruses are incapable of forming infectious virions in a number of cell systems, including the intestine of ducks (Kida et al., 1980; Webster et al., 1978) . It was also shown that manifestation of the host-dependent (hd) phenotype of influenza viruses might involve the genes coding for the haemagglutinin (Klenk et al., 1982) , PB2 protein (Almond, 1977) and, probably, any of the eight genes of influenza virus (Shimizu et al., 1983) . Hence, one cannot rule out the possibility that host dependence may prove the main barrier hindering the transfer of genes of animal influenza viruses to the population of human influenza viruses, and vice versa. However, taking into account the close resemblance of the genes coding for the haemagglutinin of human influenza viruses of the A/Hong Kong group and of A/duck/Ukraine/1/63 virus, one can suggest that in this instance the hd barrier for this gene is absent. To study this possibility, we decided to obtain a recombinant in which the gene coding for the haemagglutinin was inherited from human influenza virus A/Hong Kong/1/68 and all other genes from A/duck/Ukraine/i/63 virus, and to study the ability of such a recombinant to reproduce in host cells permissive for duck influenza virus but not for human influenza virus.
The data obtained show that substitution of the gene coding for the haemagglutinin in A/ duck/Ukraine/1/63 virus by the corresponding gene of human influenza virus A/Hong Kong/1/ 68 results in loss of the ability of this recombinant to reproduce in cell systems permissive for duck influenza virus.
METHODS

Viruses.
Human influenza virus A/Hong Kong/1/68 (H3N2) and avian influenza virus A/duck/Ukraine/I/63 (H3N8) grown in ll-day-old chick embryos were used.
Obtaining ofrecombinants. A/Hong Kong/1/68 virus was inactivated by u.v. irradiation to decrease the titre by 4 log~o units. Then chick embryos were co-infected with the native A/duck/Ukraine/I/63 virus and with the u.v.-inactivated A/Hong Kong/1/68 virus. After 48 h incubation at 36 °C, virus-containing fluid was treated with serum against A/duck/Ukraine/I/63 virus; tenfold dilutions were prepared and inoculated into chick embryos simultaneously with serum (diluted 1:10) against the haemagglutinin of A/duck/Ukraine/l/63 virus. After 48 h incubation at 36 °C, allantoic fluid was harvested from the chick embryos in which haemagglutinating virus was detected. These materials were treated with serum against A/duck/Ukraine/i/63 virus, and tenfold dilutions were prepared and inoculated into chick embryos. Serum against the haemagglutinin of A/duck/Ukraine/I/63 virus diluted 1 : 10 was also added to each embryo. After 40 h incubation at 40 °C, allantoic fluid was harvested from the chick embryos in which haemagglutinating virus was detected. The temperature sensitivity phenotype was determined at 36 and 40 °C (A/Hong K ong/l/63 virus failed to reproduce at 40 °C, unlike A/duck/Ukraine/1/63 virus; see Table 2 ), and the antigenic specificity of the haemagglutinin was determined in a haemagglutinationinhibition (HI) test with sera against A/duck/Ukraine/l/63 and A/Hong Kong/1/68 viruses. The sera were obtained by immunization of hens; titres of homologous sera in an HI test with 4 haemagglutinin units (HAU) of the virus were 1:3200 against A/Hong Kong/1/68 virus, and l: 3200 against A/duck/Ukraine/I/63 virus. The viruses possessing a ts ÷ phenotype and a haemagglutinin similar to that of A/Hong Kong/1/68 virus as determined by an HI test were assumed to be recombinants. Tenfold dilutions prepared from these materials were inoculated into chick embryos which were then incubated for 48 h at 36 °C. Virus-containing fluid of terminal dilutions were analysed for a ts phenotype (36 °C/40 °C) and in an HI test. The preparations that possessed the ts + phenotype but were similar to A/Hong Kong/1/68 virus in an HI test were used for analysis of the genome composition.
Analysis of the genome composition of recombinants. The method for analysis of double-stranded RNA hybrids (cRNA/vRNA) described previously (Hay et al., 1977; Ghendon et al., 1979) was used.
Studies ofa tsphenotype. Chick embryos were infected with tenfold dilutions of viruses and incubated at 36, 40 or 42 °C for 48 h. Virus reproduction was evaluated by the presence of haemagglutination activity in the allantoic fluid.
Studies of virus yields in chick embryos. Chick embryos were infected with 103 EID of virus and incubated for 48 h at 36 °C. Infectious titres of the virus were determined in the aUantoic fluid by titration in chick embryos.
Haemagglutination-inhibition and neuraminidase-inhibition ( NI) tests. Hens' sera raised against corresponding influenza viruses were used for the HI test. Four HAU of the virus was incubated for 30 rain at 36 °C with different antiserum dilutions. The highest dilution inhibiting haemagglutinating activity was assumed to be an antiserum titre. For the NI test a hen's antiserum against A/Hong Kong/1/68 (H3N2) and a rabbit serum to A/munabird/ Massachussets/71 (H4N8) viruses were used. The virus-containing allantoic fluids were diluted to Asa 9 = 0.300 to 0.500 in 0.1 ml. This virus dilution was incubated with serum diluted 1:100 for 30 min at 36 °C following which neuraminidase activity was determined using the method of Aminoff (1961) .
Reproduction in monolayer tissue cultures. Primary cultures of chick embryo fibroblasts (CEF) or of chicken kidney cells (CKC) or a line of human conjunctiva cells, clone 1-5C-4 (Wong & Kilbourne, 1961) , grown in Medium 199 supplemented with 10~ bovine serum were infected with the viruses under study at an m.o.i, of I to 3 EIDs0/cell. After 30 min of adsorption at room temperature, monolayers were washed three times with phosphatebuffered saline (PBS), supplemented with trypsin-free Medium 199 and incubated for 18 h at 36 °C (sample '0' was frozen immediately). The cells were then frozen and thawed, and virus titres were determined by titration in chick embryos.
Reproduction in organ cultures. The colon was taken from 1-day-old ducks of the white Peking strain and from 1-day-old chickens of the white Russian strain. The colon was removed aseptically, washed in PBS, cut into pieces of 2 to 3 ram, and the pieces were turned inside out using a curved needle. The fragments were then carefully washed with PBS containing penicillin (500 U/ml) and streptomycin (200 pg/ml), and placed in flasks. Minimal essential medium (MEM) containing penicillin (250 U/ml) and streptomycin (100 ~tg/ml) was added into each flask. The flasks were tightly closed with rubber stoppers and incubated at 36 °C. Two or three explants were placed in each flask, and two flasks were used for each variant of the experiment. Explants were infected with viruses on the same day or after 24 h of incubation at 36 °C. After 1 h of adsorption at 36 °C, the explants were washed twice with PBS, supplemented with MEM containing antibiotics and incubated at 36 °C for 48 or 72 h. After the indicated period of incubation the culture fluid was removed from the flasks, and virus titres were determined by infection of chick embryos. Sample '0' was taken after 2 h of incubation at 36 °C. The samples were stored and titrated as described elsewhere (Ginzburg et al., 1982 Fig. 1 . Analysis of the genome composition of the recombinant R3/3. CE F cultures were infected with R3/3 (300 EIDs0/cell ) and incubated in medium containing cycloheximide (100 ~tg/ml) for 1 h at 36 °C. Then [3H]uridine was added (100 ~tCi/ml), and incubation was continued for 4 h at 36 °C. Then cRNA was extracted and hybridized with unlabelled vRNAs isolated from purified virions of the recombinant and parent strains. The samples were treated with nuclease S1 and analysed by electrophoresis in a 7.5 ~o polyacrylamide gel containing 6 M-urea. R3, Recombinant R3/3 ; D, strain A/duck/Ukraine/1/63; HK, strain A/Hong Kong/1/68; 1, 2, 3, 4, 5, 6, 7, 8, location of the corresponding double-stranded complexes between cRNA and vRNA. The arrows indicate the complexes with similar electrophoretic mobility.
RESULTS
Genome composition of the recombinants
Using recombination between u.v.-inactivated A/duck/Ukraine/I/63 virus and A/Hong Kong/1/68 virus we succeeded in obtaining some virus-containing materials which efficiently reproduced in chick embryos at 40 °C, like the parent strain A/duck/Ukraine/1/63, but behaved like A/Hong Kong/1/68 in an HI test. We studied the genome composition of these recombinants using analysis of double-stranded c R N A / v R N A complexes and selected one recombinant (R3/3) that had inherited only one gene coding for the haemagglutinin from A/ Hong Kong/l/68 virus, while possessing all the other genes of A/duck/Ukraine/1/63 virus (Fig.  I) . The data in Fig. 1 show that homologous hybridization of 3H-labelled c R N A / v R N A of the recombinant R3/3 revealed eight bands corresponding to double-stranded complexes of eight R N A segments of this virus. When ~H-labelled c R N A of the recombinant R3/3 was hybridized with v R N A of A/duck/Ukraine/I/63 virus, the electrophoretic mobility of seven bands corresponded to segments 1, 2, 3, 5, 6, 7 and 8 of the recombinant R3/3. At the same time, when t Cells were infected with viruses (1 to 3 EIDs0/cell) and incubated for 18 h at 36 °C. After that they were frozen, thawed, and virus titres were determined in chick embryos. Sample '0': cells were frozen immediately after virus adsorption.
Chick embryos were infected with tenfold virus dilutions, incubated for 48 h at the indicated temperature, and the presence of virus was determined in the allantoic fluids using the haemagglutination assay.
3H-labelled cRNA of R3/3 was hybridized with vRNA of A/Hong Kong/1/68 virus, the electrophoretic mobility of only one band corresponded to gene 4 of the recombinant R3/3, coding for the haemagglutinin.
Analysis of virus-specific polypeptides induced in CEF cultures by the recombinant R3/3 and by the parent strains showed that proteins P1, P2, NP, M1 and NS1 of R3/3 were similar in their electrophoretic mobility to those of A/duck/Ukraine/I/63 virus, and the haemagglutinin resembled that of A/Hong Kong/1/68 virus (not shown).
Studies of biological properties of the recombinant R3/3
As can be seen from the data in Table 1 , serum against A/Hong Kong/1/68 virus inhibited haemagglutination of the homologous virus and of the recombinant at a dilution of 1 : 3200, while haemagglutination of A/duck/Ukraine/l/63 virus was inhibited by the serum diluted 1:400. The serum against A/duck/Ukraine/l/63 virus inhibited haemagglutination of the homologous virus at a dilution of 1:3200 and haemagglutination of both A/Hong Kong/1/68 virus and the recombinant R3/3 was inhibited by the serum diluted 1 : 1600. These results allow us to conclude that the recombinant R3/3 possesses a haemagglutinin antigenically identical to that of A/Hong Kong/l/68 virus. Studies of the antigenic specificity of the neuraminidase revealed (Table 1) that the recombinant R3/3 contains the neuraminidase of the same serotype (N8) as that of A/duck/Ukraine/I/63 virus.
Studies of the ts phenotype showed (Table 2) that recombinant R3/3 was capable of reproducing in chick embryos at 40 and 42 °C like the parent A/duck/Ukraine/1/63 strain. Table  2 shows that R3/3 had the same reproductive activity in chick embryos as the parent virus A/ duck/Ukraine/1/63.
Reproduction of the recombinant R3/3 in various systems
In the first series of experiments we investigated the capability of recombinant R3/3 for onecycle reproduction in monolayer CEF and CKC cultures and in the human cell line 1-5C-4 in comparison with the parent strains. The results of one of the three experiments which yielded similar data are shown in Table 2 . It can be seen that A/duck/Ukraine/1/63 virus was capable of reproducing in CEF cultures and forming infectious virus. In CKC cultures, it reproduced somewhat better but could not reproduce in 1-5C-4 cells. A/Hong Kong/1/68 virus formed no infectious virus in CEF cultures and grew poorly in CKC cultures but was capable of reproducing in cell line 1-5C-4. The reproduction pattern of the recombinant R3/3 in CEF and CKC cultures was similar to that of A/Hong Kong/1/68 virus: the recombinant formed no infectious virus in CEF cultures and grew poorly in CKC cultures. In cell line 1-5C-4, the recombinant formed no infectious virus. It has been reported that duck influenza virus possessing the haemagglutinin Hav7 (H3) reproduces in colon organ cultures of ducks and chickens, unlike human influenza virus having haemagglutinin H3 (Ohta et al., 1981) . For this reason we decided to study reproduction of the recombinant R3/3 and of the parent strains in organ cultures of the colon of 1-day-old ducks and chickens. The results of one of the three experiments which yielded similar data are presented in Table 3 . They show that A/duck/Ukraine/I/63 virus efficiently reproduced in organ cultures of duck and chicken colon, reaching titres of 4.5 lOgl0 EIDs0/0"l ml by 72 h post-infection. At the same time, A/Hong Kong/1/68 virus formed practically no infectious virus under these conditions. The recombinant R3/3 did not form infectious virus in organ cultures of either duck or chicken colon, like its parent virus A/Hong Kong/1/68. Attempts to passage the virus A/Hong Kong/1/68 and recombinant R3/3 in organ cultures of duck and chicken colon failed to provide variants capable of reproducing in this system.
DISCUSSION
The data obtained show that substitution of the gene coding for the haemagglutinin in A/ duck/Ukraine/l/63 virus by the corresponding gene of A/Hong Kong/1/68 virus resulted in a complete loss of the ability of the recombinant obtained to reproduce in cell systems permissive for A/duck/Ukraine/1/63 virus, specifically in organ cultures of duck and chicken colon and in monolayer CEF cultures. Thus, these data suggest that in spite of the antigenic similarity between the haemagglutinins of A/Hong Kong/1/68 and A/duck/Ukraine/1/63 viruses, they are either essentially different in their hd properties, or the haemagglutinin gene of A/Hong Kong/ 1/68 virus in the genome of the recombinant may alter the hd property of some other gene of A/ duck/Ukraine/1/63 virus. This could account for the loss of the ability of the recombinant, which derived all genes from A/duck/Ukraine/I/63 virus with the exception of the one coding for the haemagglutinin, to reproduce in systems permissive for this virus, these including duck colon.
Differences in the abilities of viruses to reproduce in certain cell systems may be due to a number of reasons. In the present case, this property may be due to the ability or inability of haemagglutinin to be cleaved into heavy and light chains (Klenk et al., 1982) . At the same time it is possible that an hd phenotype of haemagglutinin may be associated with other properties of this protein (Shimizu et al., 1983) , e.g. with properties of the haemagglutinin site responsible for attachment to a cell. Unfortunately, we failed to determine in organ cultures of duck and chicken colon whether inability of the recombinant R3/3 to reproduce in this system was due to impairment in the haemagglutinin cleavage, or to some other reason.
In earlier studies we investigated a number of recombinants between the fowl plague virus (FPV) Weybridge strain (H7N7) and human influenza virus A/Krasnodar/101/59 (H2N2). When one of the FPV genes was substituted in these recombinants by a corresponding gene of A/Krasnodar/101/59 virus, they did not lose their ability to reproduce and form plaques in CEF cultures provided that these substitutions involved genes 1,2, 3, 5, 6, 7 or 8 (Ghendon et al., , 1983 Lisovskaya et al., 1981) . At the same time as the FPV gene coding for the haemagglutinin was substituted by a corresponding gene of A/Krasnodar/101/59, the recombinant entirely lost its ability to form plaques in CEF cultures (Ghendon et al., 1979) . It should be noted that human influenza virus A/Krasnodar/101/59 fails to form plaques in CEF cultures because its haemagglutinin cleavage is affected (Mikheeva et al., 1977) . Using the recombinant which inherited the haemagglutinin of A/Krasnodar/101/59 virus and all other genes from FPV, we tried to induce a mutation in the haemagglutinin gene causing alteration of an hd phenotype responsible for the inability of the recombinant to form plaques in CEF cultures. However, treatment of this recombinant with strong mutagens (hydroxylamine, nitrous acid, 5-fluorouracil) followed by the analysis of not less than 107 infectious virions of mutagenized virus under conditions optimal for selection of mutants possessing an altered hd phenotype of the haemagglutinin and capable of forming plaques in CEF cultures, did not provide such mutants (Y. Z. Ghendon et al., unpublished data) . Therefore, if, theoretically, such mutations of the haemagglutinin may occur, their frequency is rather low. Thus, the data obtained in the studies of the recombinant R3/3, and of the analogous recombinant which had been obtained earlier by recombination between FPV and human influenza virus A/Krasnodar/101/59, indicate that the transfer of the gene coding for the haemagglutinin from the virus that fails to reproduce in a certain cell system, to the virus capable of reproducing in this cell system results in the loss of this ability of the virus but the probability that this gene will acquire a corresponding lad mutation is very small, if any.
As has been mentioned above, there are data in the literature reporting rather close similarity in the nucleotide sequences of haemagglutinins of human influenza virus of the A/Hong Kong (H3) group and of A/duck/Ukraine/I/63 virus (see Ward, 1981) . Nevertheless, these genes did not turn out to be completely identical. They differed in sequences of nearly 20 amino acids, some of which are located in non-antigenic sites of the haemagglutinin (Fang et al., 1981 ; Ward & Dopheide, 1981) . Thus, in spite of close similarity, these haemagglutinins can contain mutations responsible for significant differences in their hd phenotype. Such mutations could be the main barrier preventing the transfer of the haemagglutinin from the population of avian influenza viruses to that of human influenza viruses. According to the data available, hd mutations are likely to occur in any of the eight genes of influenza virus (Shimizu et al., 1983) . Therefore, one cannot rule out the possibility that such a barrier may prevent the transfer of other genes of influenza virus from one population to another as well. Moreover, biological properties of influenza virus may be due not only to properties of the protein encoded by a certain gene, but also to the genome constellation as a whole (Scholtissek, 1978) . Thus, certain differences in amino acid sequences of the haemagglutinins of A/Hong Kong/1/68 and A/duck/ Ukraine/I/63 viruses may, theoretically, have an affect on hd properties of other genes in the genome of recombinants also. The transfer of genes from avian to human influenza viruses and vice versa in nature is likely to be a rare event and the species barrier appears to be the main obstacle for such a transfer.
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